Protein phosphatase regulation of Na+/H+ exchanger isoform I.
We investigated regulation of Na(+)/H(+) exchanger isoform 1 (NHE1) by dephosphorylation. Treatment of primary cultures of cardiomyocytes with the phosphatase inhibitor okadaic acid increased the rate of recovery from an acid load, suggesting that the okadaic acid sensitive PP1 may be involved in NHE1 regulation in vivo. We examined the ability of purified protein phosphatases PP1, PP2A, and PP2B to dephosphorylate the regulatory cytoplasmic tail. NHE1 was completely dephosphorylated by PP1, poorly dephosphorylated by PP2A, and not dephosphorylated by PP2B. Examination of NHE1 binding to PP1 or PP2B revealed that an association occurs between NHE1 and PP1 both in vitro and in vivo, but NHE1 did not associate with full-length PP2B. We expressed PP1 or inhibitor 2, a specific PP1 inhibitor, in cell lines to examine the effect of PP1 on NHE1 activity in vivo. Overexpression of PP1 causes a decrease in NHE1 activity but does not affect stimulation by thrombin. Cell lines expressing the specific PP1 inhibitor, inhibitor 2, had elevated proton efflux rates and could not be further stimulated by the Na(+)/H(+) exchanger agonist thrombin. The results suggest that PP1 is an important regulatory phosphatase of NHE1, that it can bind to and dephosphorylate the protein, and that it regulates NHE1 activity in vivo.